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CHARACTERIZATION AND ANALYSIS OF 
POLYMORPHIC VNTR LOCI 



Background of the Invention 

The human genome is interspersed with segments of 
5 directly repeated DNA. Some of these loci vary in the 
number of tandem repeats and have been designated 
variable number of tandem repeats (VNTR) . Nakamura Y. 
±± Si- . Science 235:1616-1622 (1987). These repeated 
regions can be retrieved from human cosmid libraries by 

10 screening with oligonucleotides from known VNTRs , then 
further localizing the repeat on a smaller fragment. 
Nakamura, Y. et al, Ibid. Many of the probes for VNTR 
loci reveal more than two alleles; their extensive 
polymorphism makes them useful in genetic mapping, 

15 clinical linkage analysis, and DNA fingerprinting. 

However, few of these loci have been characterized in 
detail. 

VNTR polymorphisms are currently analyzed as 
restriction fragment length polymorphisms (RFLPs) via 
20 Southern blot transfer and hybridization to radioactive 
probes. Although Southern transfer is used to detect 
many kinds of polymorphisms, it requires large amounts 
of sample DNA that is able to be digested by restrict- 
ion enzymes, and can take up to a week to complete. 
25 A VNTR segment designated pYNZ32 (human gene 

mapping (HGM) locus D4S125) was isolated as part of a 
family of cosmid clones hybridizing to a synthetic 
oligonucleotide probe from the zeta globin repeat 
sequence. Nakamura et al. , Science 23 5:1616-1622 
(1987). The pYNZ32 probe was reported to reveal a 
six-allele VNTR identified by several enzymes, 
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including TaqI and Pstl. Nakamura Y. et al. , Nucl. 
Acids Res^ 16(9):4186 (1988). It was described as 
having a heterozygosity of 58% with TaqI in 94 
unrelated Caucasians and was later closely linked to 
the locus responsible for Huntington's disease, located 
on the short arm of chromosome 4. Nakamura Y. et al., 
S S .Usce 235:1616-1622 (1987); and MacDonald, M.eT et 
J. Clin^Invest^ 84;1013-1Q16 (1989). As such, 
the pYNZ32 probe has been used in restriction fragment 
length polymorphism (RFLP) analysis as a linkage marker 
for Huntington's disease. 

It would be desirable to provide an efficient 
method for determining polymorphisms at a VNTR locus 
which can be used as a diagnostic. 

15 Summary of the Invention 

The present invention is a method for determining 
polymorphisms which occur in VNTR loci, such as the 
YNZ32 and YNZ22 locus. Primers for YNZ32 are 
described. According to the method, sequences flanking 
a VNTR locus of interest are determined and used to 
construct amplification primers which can direct 
amplification across the VNTR locus. The primers are 
extended using polymerase chain reaction (PCR) to 
produce amplification products which can be directly 
analyzed. Variations in the length of the amplified 
products are then used to identify sequence 
polymorphisms. Sequence variations which do not affect 
the size of the amplification products can be further 
analyzed by digesting the amplification products with 
various restriction enzymes to generate restriction 
fragments. 
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The invention can be used in genetic linkage 
studies, paternity testing, forensic identification or 
as a diagnostic for polymorphisms. 

^i^^5Sl££i£tion_of_the_Drawings 
5 Figure 1 shows a restriction map of the pYNZ32 

insert. Restriction sites are indicated as R, Rsal; P, 
PstI; T, TaqI; H, Hindlll; B , Bgll; M, Mspl . The 

» 

hatched portion indicates the repeat region. The 
double* thick lines represent the areas from which the 
10 sequence data in Figure 2 was taken. Arrows beneath 
the map show approximate positions for the amplifi- 
cation primers. 

Figure 2 shows the partial nucleotide sequence of 
plasmid pYNZ32. 

15 Figure 3 shows sequence diversity within the 

repeated region of pYNZ32 which is shown in Figure 2. 

Figure 4A shows the results of agarose gel 
electrophoresis of PCR products amplified from total 
genomic DNA. Lanes 1-3: amplification of DNA from a 

20 father (showing allelic products designated A and F) , a 
child (products F and G) , and a mother (C and 6); lanes 
4,5,7,8: amplification of DNA from 4 unrelated indi- 
viduals giving amplified products B and E, A and E, D 
and I, and D and G, respectively; lane 6: Rsal DNA 

25 marker fragments from bacteriophage A. Sizes in bp are 
indicated to the right. 

Figure 4B shows a Southern blot analysis of TaqI 
digested DNA of some of the same samples amplified 
above, and hybridized with probe pYNZ32 . Overloading 

30 of the first two lanes has slightly reduced the 
apparent size of the bands. The exposure of these 
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lanes has been reduced photographically. Sizes in Kbp 
are shown on the right. 

Figure 4C is a schematic showing the relative 
positions of the YNZ32 amplified products versus the 
5 ADNA/Rsal marker fragments. The largest marker frag- 
ment represents a doublet of 2196 and 2183 bp, and the 
smallest fragment shown is 1436 bp. 

Figure 5 shows Mspl restriction maps for twelve 
YNZ32 amplified allele products. The products are 

10 designated A to I (largest to smallest), and some 
products of the same size are shown which differ in 
their Mspl digestion pattern. The alleles are aligned 
at the conserved Mspl site, the second site in most of 
the alleles (except for I which has only one Mspl 

15 site). A star indicates the presence of the unique 
Bgll site. 

gS-Hiigj-P ascription of the Invention 

This invention pertains to methods for amplifying 
polymorphic VNTR loci and to methods for determining 
polymorphisms which occur at the VNTR locus. By 
polymerase chain reaction (PCR) techniques, a segment 
of the VNTR locus can be amplified and its amplif i- 
cation products analyzed. As a result of this method, 
it is possible to identify sequence polymorphisms by 
25 determining size variations in the PCR products. 

According to the method, nucleotide sequences 
flanking a VNTR locus of interest are first determined. 
From that information, two oligonucleotide primers are 
designed to direct amplification across the VNTR 
30 region. One oligonucleotide primer comprises a 

nucleotide sequence which hybridizes to the region 
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flanking one end of the VNTR sequence. The second 
primer comprises a nucleotide sequence which hybridizes 
to the region of flanking the other end of the VNTR 
sequence. Hybridization of the primers to other 
portions of the VNTR can be prevented by restricting 
the primers to those nucleotides which are unique to 
the flanking sequences and avoiding segments of DNA 
which are partially homologous to the repeat unit. 

The primers are then subjected to conditions 
sufficient to direct amplification across the VNTR 
locus. This can be accomplished using PGR techniques 
described by Mullis, K.B. et al. , U.S. Patent No. 
4,683,195 and Mullis, K.B., U.S. Patent No. 4,683,202. 
The teachings of these patents are incorporated by 
15 reference herein. The resulting amplification products 
can then be analyzed for size variations using gel 
electrophoresis techniques. Variations observed in the 
length of the fragments are indicative of sequence 
polymorphisms . 
20 Sequence polymorphisms which do not affect the 

length of the PCR product can be determined by 
digesting them with various restriction enzymes to 

■ 

produce fragments from which a restriction map can be 

m 

determined. The lengths of the fragments are 

25 indicative of sequence polymorphisms. 

The methods of this invention provide rapid 
analysis of polymorphisms at VNTR loci using small 
amounts of sample DNA. Such analysis of these regions 
is extremely useful in genetic linkage studies, 

30 paternity testing and forensic identification. One 

advantage is that cumbersome RFLP-based assays are not 
needed. 
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The present Invention is based on the characteri- 
zation of the highly polymorphic VNTR locus pYNZ32, 
which had been previously isolated. Nakamura, Y. at 
al.. Science 235:1616-1622 (1987). For the first time, 
a restriction map for this locus has been determined, 
as well as the nucleotide sequence of a substantial 
portion of this locus. Based on this information, 
oligonucleotides derived from this sequence can be 
synthesized. Such synthetic oligonucleotides are 
useful as primers for amplification techniques and can 
be used to direct amplification across the VNTR region 
DNA sequencing in the areas within and flanking the 
repeated segment allowed for the design of specific 
amplification primers. The repeated region of pYNZ32 
consists of an imperfectly duplicated 27 base pair 
»otif , 16 bases of which are more highly conserved. 
Allelic products from PCR amplification were resolved 
into nine different size classes ranging from approxi- 
mately 1400 to 2200 base pairs. Additional poly- 
morphism was revealed when the amplified products were 
analyzed by restriction enzyme digestion. Both the 
overall size variation as well as the internal sequence 
polymorphism were used to determine a heterozygosity 
value of 86% for YNZ32 in 50 unrelated individuals. 
The rapid analysis and improved resolution of amplified 
alleles on agarose gels, and the internal variability 
within YNZ32 , increase its diagnostic utility as a VNTR 
and as a linkage marker for the nearby Huntington's 
disease gene . 
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Characterization of the YNZ32 Locus 

The cloned insert in probe pYNZ32 was mapped for 
various restriction sites (Figure 1). The distance 
between the two TaqI sites suggests they are 
5 responsible for the known TaqI RFLP (2.3-2.8 Kbp) for 
YNZ32 on human genomic DNA Southern blots. Nakamura Y. 
et al., Science 235:1616-1622 (1987). Similarly, the 
PstI site is most likely involved with the PstI 
polymorphism, with the other site lying further to the 

10 right of the segment contained within the cloned 

fragment. In contrast to a previously published Mspl 
RFLP range of 1.2-1.8 Kbp for YNZ32 on genomic DNA 
Southern blots (Nakamura Y. et al. , Nucl^Acids Res . 
16:4186 (1988)), four fragments in the 400-700 bp range 

15 were observed, consistent with the map of the cloned 
probe (Figure 1). 

Sequencing of Mspl fragments within the clone 
revealed the tandemly repeated segment, which is 
approximately 1700 base pairs long and totally con- 

20 tained within the cloned insert (Figure 1). The DNA 
sequences near the termini of the repeated region are 
shown in Figure 2, and additional sequencing was 
performed on internal fragments (Figure 3). This 
region shows strong pur ine/pyrimidine asymmetry, and 

25 predominantly consists of tetranucleotides CCTT and 
CATT. Consideration of the arrangement of these 
tetranucleotides suggests a 27 bp repeated motif 
(Figure 3), 16 bp of which are more highly conserved. 
However, no part of this region shows the exact tan- 

30 demly repeated segments seen in other VNTR loci. 

Jeffreys, A.J. et al. , Nature 332:278-281 (1988); and 
Wolff, R.K. et al., Genomics 3:347-351 (1988). 
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Amp lificatlon and Analysis 

The sequences flanking the repeat region (Figure 
2) were also characterized. The information was used 
to construct primers for amplification of the repeat 
5 region. Primer GH301 and GH290 were used to amplify 
the YN232 locus from human genomic DNA samples using 
polymerase chain reaction techniques. The amplifica- 
tion products ranged in size from approximately 1400 to 
2200 base pairs. These products were grouped into 9 
10 size classes designated A to I in order of decreasing 
size (amplification from the pYNZ32 clone yielded a "D" 
allele), according to their positions relative to the 
fragments in Rsal digested lambda DNA (Figures 4A and 
4C). Each size class encompasses a narrow range of 
15 amplified allelic products differing slightly in 
length. Sizes of the PCR products from specific 
samples correlate with the results seen in Southern 
blot analysis (Figure 4B) , thus validating the use of 
PCR for detecting polymorphisms at the YNZ32 locus. 
20 The Mendelian inheritance of the amplified alleles is 
also verified in Figure 4B. 

The minor variations seen within these allelic 
size classes indicate that additional polymorphism 
night be elucidated by restriction enzyme mapping. 
25 Several amplified products were therefore isolated, 
reamplified, and analyzed by digestion with Mspl or 
Bgll. Twelve of these products having different 
digestion patterns were also mapped with Mspl (Figure 
5). Most of the products have three Mspl sites; the 
30 maps in Figure 5 are lined up at the second Mspl site, 
which is conserved in all but one of the alleles. 
Allelic products Al and Fl are missing the first Mspl 
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site, while products fil, CI and 61 are missing the 
third Mspl site. The II allele has only one internal 
Mspl site. The unique Bgll site shown on the map in 
Figure 1 is present in only some alleles. Finally, the 
5 Mspl fragments show length variations even within an 
allelic size class. For example, the right-hand 
fragment produced by Mspl digestion is 555 bp in 
product Dl but only 500 bp in D2 (Figure 5). 

The frequencies of alleles A to I in 50 unrelated 

10 individuals were determined (Table 1). The largest 

allele (A) and the two smallest alleles (H and I) were 
each present in only one of these 100 chromosomes. 
Almost 80% of the products were found to be in the 
intermediate classes of D, E and F. The distribution 

15 of alleles among these individuals was consistent with 
Hardy-Weinberg equilibrium, and no evidence for null 
alleles was observed. YNZ32 was found to have a 
heterozygosity value of 86% for these 100 chromosomes. 
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TABLE 1 

Frequencies of YNZ32 Allelic Products 
in 50 Unrelated Individuals 



Allelic 
Products 
A 
B 
C 
D 
E 
F 
G 
H 
I 



Approximate 
- s i«_.&p_2_ 


Frequency 
111 


2200 


1 


1975 


7 


1910 


♦ 

6 


1850 


46 


1810 


19 


1710 


14 


1650 


5 


1560 


1 


1415 


1 



Analysis of the pYNZ32 (D4S125) locus has allowed 
this VNTR repeat to be further characterized and its • 
analysis converted to a rapid PCR-based format. As a 
5 result, the extent of its polymerization in amplified 
allele products can be more thoroughly investigated. 

The sequence of the repeated region of pYNZ32 
shows several interesting features. The 27 bp repeated 
motif is neither conserved nor exactly tandemly ar- 

10 ranged, in contrast with other VNTR loci. This sug- 
gests that YNZ32 may have once been a perfect tandem 
repeat which has since diverged. This sequence diver- 
gence of the repeat may prevent changes in size seen in 
some other VNTR loci. Jeffreys, A.J. et al. , Nature 

15 332:278-281 (1988). We were unable to detect major 
similarities between this sequence and the pYNZ22 
repeat (Wolff, R.K. et al. , Genomics 3:347-351 (1988)) 
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or the zeta-globin oligonucleotide with which both of 
these probes were selected. Nakamura Y. et al. f 
Science 235:1616-1622 (1987). A search of sequences 
listed in GenBank revealed the greatest similarity to a 
5 polypyrimidine repeat isolated from the mouse genome. 
Deugau, K.V. et al. f Anal . _ Biochem . 129: 88-97 (1983). 

Amplification of the YNZ3 2 locus by PCR is a rapid 
alternative to analysis by other assays. Both the 
amplification and agarose gel analysis of YNZ32 can be 

10 performed within four hours. The direct visualization 
of PCR products on ethidium bromide-stained agarose 
gels allows the allelic products to be better resolved 
than the bands seen on Southern blots. Amplified 
products are also amenable to restriction enzyme 

15 analysis, which reveals additional polymorphism. 

In addition to the overall variation in length of 
the repeated region, the YNZ32 locus contains poly- 
morphic restriction sites. This additional poly- 
morphism can be used to discriminate alleles of similar 

20 size, thereby increasing the diagnostic utility of this 
locus. For example, the Bl and B2 alleles (Figure 5) 
give the same size PCR products, but when digested with 
Mspl, release distinctive fragments of 775 or 605 bp, 
respectively. Similar discrimination between certain 

25 alleles can also be achieved using the single Bgll 
site, which is present only in some chromosomes. 

The ability to rapidly amplify and analyze this 
highly polymorphic locus should help support both 
clinical and research studies. The extensive hetero- 

30 zygosity of YNZ32 ' alleles is often critical in 

discriminating chromosomes in the large pedigrees used 
in linkage analysis of Huntington's disease. 
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MacDonald, M.E. et al. , J, Clin, Invest. 84:1013-1016 
(1989). This polymorphism may also be of use in more 
general 'DNA fingerprinting' studies. Finally, the 
divergent nature of the repeated sequence at this locus 
5 may assist in understanding the creation, evolution, 
and stability of VNTR segments. Jarman, A. P. and R.'a. 
Wells, Trends in Genet. 5:367-371 (1989). 

The invention will be further illustrated by the 
following exemplification, which is not intended to be 
10 limiting in any way. 

EXEMPLIFICATION 

Mat er ials and Methods 

The clone pYNZ32 was obtained from Y. Nakamura and 
is also available from the ATCC (#57548). It has a 
total insert size of 4.1 Kbp. High molecular weight 
genomic DNA used for amplification was prepared by 
standard methods (Maniatis T. et al. , "Molecular 
Cloning -A Laboratory Manual", Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York (1982). 
20 Oligonucleotide primers were synthesized on an Applied 
Biosystems 380B Synthesizer. Agarose gels were made 
from SEAKEM GTG agarose (American Bioanalytical) and 
were run in IX TBE buffer with 0.1 pg/ml ethidlua 
bromide at 10 volts per cm. 

25 Mapping and Sequencing 

The pYN232 clone was mapped with several re- 
striction enzymes. The positions of Mspl sites were 
more accurately determined by partial Mspl digestion of 
the clone after labeling at one end with o- 32 P-dATP. 
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Smith, H.O. and M. L. Bernstiel, Nucl^Aclds, Res . 3:2387 
(1976). Hspl fragments of pYNZ32 were subcloned into 
M13mpl8 and sequenced using standard dideoxy methods. 
Sambrook, J. et al. , "Molecular Cloning - A Laboratory 
5 Manual" , Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, New York (1989). Figure 3 shows the 
sequence diversity within the repeated region of 
pYNZ32. The upper line shows the sequence of the 
proposed 27 base pair repeated motif, with the more 

10 conserved 16 base pair region underlined. Below it are 
segments from the pYN232 sequence, aligned to show 
similarities with the repeated core. The exact 
positions of some of the aligned segments within pYNZ32 
are not known, but are generally listed from left to 

15 right relative to Figure 1. A dash indicates identity 
with the core, and spaces have been inserted for two 
segments to improve the alignment. An asterisk indi- 
cates that this segment is immediately followed by 
another segment similar to the motif. Figure 2 shows 

20 the results of sequencing the areas flanking the 
repeated region. PCR primers GH290 and GH301 were 
designed from these regions and have the following 
nucleotide sequences : 



GH290 : 5 ' -GTCAGCACCTCAGACCAGAG- 3 ' 
25 GH301 : 5' -CTGTGGGACCTCGGCTAAGC-3 ' 

DNA fragments flanking and within the repeated 
region of pYNZ32 (Figure 1) were subcloned and 
sequenced (Figure 2). The first segment shown here 
runs from the left TaqI site until about 130 base pairs 
30 into the repeat. Also shown are the locations of the 
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Mspl and PstI restriction sites used in RFLP analysis. 
The arrow indicates the location and direction of the 
GH301 oligonucleotide primer used in PCR amplification 
The repeated region begins just after the PstI site, 
5 and the more highly conserved core segment (Figure 3) 
is underlined. The second segment shows the final 130 
base pairs of the repeat, the location and orientation 
of the GH290 primer, and the sequence flanking the 
repeated region. Additional sequence was determined 
10 between these segments and is include in Figure 3, but 
could not be accurately placed due to the repetitive 
nature of this region. 

Amp lification and Analysis 

PCR amplification reactions were performed using 
15 AmpliTaq DNA polymerase and a DNA Thermal Cycler 
(Perkin Elmer) . One ftg of human genomic DNA was 
amplified for 28 cycles of 10 seconds at 94«C, 10 
seconds at 55«C, and 30 seconds at 74«C, with a final 
soak for 10 minutes at 74* C. The reaction buffer used 
was described previously (Saiki, R. K. et al. , Science 
239:487-491 (1988)), with the exception that KCl~was^ 
not included, and the concentration of MgCl- was 
reduced to about 1.2mM. The amplification should be 
optimized empirically. The yield of PCR product was 
25 also reduced when amplification primers were used at 
less than lpM. 

PCR products were analyzed on 1% agarose gels. A 
Rsal digest of bacteriophage A DNA was used as markers 
for the amplified alleles since it has several 
30 fragments in the appropriate size range. Amplified 
allelic products are designated A to I (largest to 
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« smallest) by their positions relative to these size 

markers (Figure 4C) . Those products within a single 
size class but having internal variation are 
distinguished by numbers (e.g., product Bl vs. B2) . 
5 Further analysis of the amplified DNA was 

performed by electroeluting the DNA from a gel slice 
(Maniatis, T. et al. , "Molecular Cloning - A Laboratory 
Manual", Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York (1982)), concentrating a DNA on the 

10 Centricon-30 microconcentrator (Amicon) , and 

reamplifying individual products and analyzing their 
Mspl and Bgll digestion patterns on 2% and 1% agarose 
gels, respectively. In addition, 12 individually 
amplified products were also mapped (Figure 5) using 

15 Mspl partial digestion. Smith, H.O. and M.L. 
Bernstiel, NucL Acids Res^ 3:2387 (1976). 

Five DNA samples that were amplified by PCR were 
also analyzed as TaqI digests on a Southern blot. 
Maniatis, T. et al. , "Molecular Cloning - A Laboratory 

20 Manual", Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York (1982). The blot (Figure 4B) was 
hybridized with the 2900 bp Pstl-Rsal fragment of 
pYNZ32 shown on the map of Figure 1. 

25 Those skilled in the art will recognize or be able 

t to ascertain, using no more than routine experimen- 

tation, many equivalents to the specific embodiments of 
the invention described herein. These and all other 
equivalents are intended to be encompassed by the 

30 following claims. 
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CLAIMS 

A method of detecting polymorphisms at a poly- 
morphic variable number of tandem repeats (VNTR) 
locus, comprising the steps of: 

a) providing two oligonucleotide primers which 
specifically direct amplification across the 
VNTR locus, wherein one of the primers 
comprises a nucleotide sequence which hybri- 
dizes to the region flanking one end of the 
VNTR sequence and the other of the primers 
Comprises a nucleotide sequence which hybri- 
dizes to the region flanking the other end of 
the VNTR sequence; 

b) contacting the two primers with genomic DNA 
thought to contain the VNTR of interest, 
under conditions sufficient to direct ampli- 
fication across the VNTR locus and produce 
amplification products thereof; and 

c) determining size variations in the 
amplification products, wherein the 
variations are indicative of sequence poly- 
morphisms. 

The method of Claim 1, wherein the amplification 
is performed by polymerase chain reaction. 

The method of Claim 2, wherein the VNTR locus is 
YNZ32 and the oligonucleotide primers have 
nucleotide sequences shown in Figure 2 or portion 
thereof, for directing amplification across the 
YNZ32 locus. 
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4. The method of Claim 3, the oligonucleotide primers 
have the sequences 5 9 -GTCAGCACCTCAGACCAGAG - 3 ' and 
5' - CTGTGGGACCTCGGCTAAGC - 3 9 . 

5. The method of Claim 1, further comprising the step 
5 of: 

d) digesting the amplification products with 

restriction enzymes to produce DNA fragments 
having lengths which correspond to sequence 
polymorphisms . 

10 6 . A method of amplifying a polymorphic VNTR locus, 
comprising the steps of: 

a) providing two oligonucleotide primers which 
specifically direct amplification across the 
VNTR locus , wherein one of the primers 

15 comprises a nucleotide sequence which hybri- 

dizes to the region flanking one end of the 
VNTR sequence and the other of the primers 
comprises a nucleotide sequence which hybri- 
dizes to the region flanking the other end of 

20 the VNTR sequenced; and 

b) hybridizing the primers to genomic DNA 
thought to contain the VNTR of interest, 
under conditions sufficient to direct ampli- 
fication across the VNTR locus and produce 

25 amplification products thereof. 

7. The method of Claim 6, wherein the amplification 
is performed by polymerase chain reaction. 



8. 



The method of Claim 7, wherein the VNTR locus is 
YNZ32 and the oligonucleotide primers have 
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nucleotide sequences shown in Figure 2 or portion 
thereof, for directing amplification across the 
YNZ32 locus. 

9. The method of Claim 8, the oligonucleotide primers 
5 have the sequences 5 ' -GTCAGCACCTCAGACCAGAG-3 ' and 

5* -CTGTGGGACCTCGGCTAAGC-3 ' . 

■ 

■ » ■ • 

* 

10. An oligonucleotide primer having the nucleotide 
sequences shown in Figure 2 or portion thereof, 
for directing amplification across the YNZ32 

10 locus. 

11. The primer of Claim 10, having the sequences 
5' -GTCAGCACCTCAGACCAGAG-3* or 

5 9 -CTGTGGGACCTCGGCTAAGC-3' . 
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FIG. 3 



WO 91/14003 



PCT/US91/01628 



v 

-5/6- 

1 2 345 67 8 

1111 1 I I I 



h-2190 
M810 

-1440 



Figure 4a 



1 2 3 4 5 
I I I I I 

Rs« YNZ 




Figure 4b 



Figure 4c 



wm/miw pct/ussi/omm 



A1 

B1 
B2 
C1 

D1 

D2 
E1 

F1 

61 

H1 
11 



6/6- 



1400 




I 285 I 520 


520 I 


680 


1 775 


* 

60S 1 


550 


1 2851 530 


500 1 


630 


m 

1 780 



500 


| 535 


I 320 1 500 


• 

475 


* 

1 510 


1 285 I 540 


540 


1 445 


1 285 1 540 




960 


|255| 405 


350 


I 525 


1 780 



500 1 450 1 285 1 330 

525 I 890 



FIG. 5 



